BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and are provided with free text boxes to elaborate on their assessment. These free text comments are reproduced below.
GENERAL COMMENTS
This is a monocentric prospective observational study exploring the relationship between fetal growth restriction (FGR) and bronchopulmonary dysplasia (BPD) in very preterm infants. It included 178 infants born ≤30 SA with a birthweight ≤1250g. The exposure was FGR, defined as the association of an impaired in utero growth and fetal Doppler abnormalities. The outcome was BPD, defined as oxygen-dependency at 36 weeks postmenstrual age. Statistical analysis involved logistic regression adjusted on the actual weight at birth, categorized into being small for gestational age (SGA, birth weight <10th percentile of the Italian neonatal growth charts) or having an appropriate for gestational age birthweight (AGA). The findings of the study are that FGR is associated with BPD, independently of being SGA. The main point of this study is that FGR is defined with antenatal parameters, which identifies infants with a failure to achieve their growth potential, whereas most of the epidemiological studies use birth weight as a proxy for FGR, mixing together FGR infants and "constitutionally small" infants. The question and findings are relevant for obstetricians and neonatologists. The manuscript is well written. The strongest limitation of the study is the relatively small sample size and lack of statistical power.
Major comments: 1) Objective of the study (abstract, introduction, discussion) : "to investigate whether FGR can better predict BPD risk than SGA". The methods used here do not answer this particular question, as no predictive tool has been developed. The analysis rather addresses the issue of whether FGR is associated with BPD independently of being SGA at birth. 2) Methods -inclusion criteria : infants born ≤30 SA and with a birth weight ≤1250g. Why did the authors choose a birthweight cut-off? It excludes for example the infants born at 30 WG with a birthweight ≥50th percentile on neonatal growth charts. This might affect the conclusions of the study. 3) Results -flow chart : 26 infants are excluded because of missing Doppler data (13% of the eligible population). Were these infants different from the included ones (gestational age, birth weight, pregnancy complications…)? 4) Results - Table 4 : the multivariate model describing the relationship between FGR and BPD is adjusted on SGA categorized in two groups (< or >10th percentile on the Italian neonatal growth charts). This cut-off relies strongly on the choice of the reference curves, and especially if they are neonatal or antenatal curves. Moreover, it raises the issue of collinearity between FGR and SGA groups. An adjustment on birth weight as a continuous variable would have been preferable. 5) Discussion : Several non significant associations are underlined (preeclampsia -BPD, histological chorioamnionitis -BPD, FGRrespiratory distress syndrome…). However, the statistical power of the study is not sufficient to conclude on these nonsignificant associations. Moreover, they are only described in nonadjusted analyses. This part of the discussion should be more cautious.
Minor comments: 1) Methods : the exclusion criteria are not described in this section (37 infants excluded, flow chart) 2) Methods -definition of BPD : BPD is defined as "oxygen dependency at 36 weeks PMA" in the methods section", and as "oxygen dependency or positive-pressure ventilation at 36 weeks PMA" in the legend of Table 3. 3) Results -32 deliveries were neither spontaneous nor indicated prterm deliveries. Please describe the causes of these deliveries.
REVIEWER
Suma Hoffman University of Maryland, Baltimore School of Medicine USA REVIEW RETURNED 13-Feb-2017
GENERAL COMMENTS
Thank you for the opportunity to review this manuscript. Here the authors aim to show that the combination of FGR-SGA poses a higher risk of developing BPD.
General: Please avoid using too many abbreviations -this impedes readability
Abstract: The last line of your results -per your model, the same could be said for SGA -that it is an independent predictor. I would also if space allows add numbers for SGA groups
Introduction: This could add a little less background on BPD and more about the potential mechanism of FGR causing BPD.
Results: Please less abbreviations -I had to keep referring back to the methods which I found frustrating. Table 2 -your SGA numbers don't seem to account for all SGA -just those with FGR? Please correct or make more explicit. SGA presented a much higher odds of developing BPD with a stronger p-value, so I feel that this is important to include in the abstract and highlight as a result. To better tease out your question try putting your subgroups in your model instead of the overall SGA vs FGR. Table 3 should depict associated statistics. When I tested the data with chi square, there was no significant difference in severe BPD in the SGA groups with and without FGR.
Discussion: This needs to be edited for grammar. Overall this could be better laid out and constructed for readability. It also feels very repetitive, so I would suggest considering consolidating similar themes into paragraphs. I feel that one major limitation in your conclusion would be that more than half (62%) of your SGA population was FGR, so with such small numbers I would not overstate your conclusion about the FGR-SGA group. Also your logistic regression doesn't support your claim that the combination of FGR-SGA increases risk independently, so I would rework your model to reflect the goal of the paper. 2) Reply: FGR diagnosis was based on the coexistence of failing fetal growth in utero, defined as an estimated fetal weight below the expected based on the previous ultrasound scan and FDV abnormalities. Failing fetal growth was defined as the reduction of the estimated fetal weight of at least 1 SD in two ultrasound scan within two weeks. Indeed, AGA-FGR infants are those that fell off the fetal growth curve and had prenatal Doppler abnormalities but had a birth weight > 10th centile. We added this definition in the results" section.
VERSION 1 -AUTHOR RESPONSE
3) Who was assessing the Doppler studies, was it a certified perinatologist at a single site? 3) Reply: The Doppler studies were performed by two certified perinatologist (Paolo Rosati and Ilenia Mappa) at a single site. We added a sentence in the methods" section. 5) please state the inclusion/exclusion criteria in the methods section. Were they a priori exclusions? 5) Reply: Yes, they were a priori criteria. We already stated the inclusion criteria in the methods" section and we just added the exclusion criteria in the text (No FDV information available; major congenital malformation; hydrops fetalis; pPROM that occurred more than 3 weeks before the delivery; suspected twin-to-twin transfusion).
6) What is the indication in your centre for doing dopplers? (SGA, HTN, crosses 2 centimes?) As if all fetuses have Dopplers examined then there is an increased risk of false positive Doppler studies in the AGA population. 6) Reply: In our hospital there is an active surveillance program for pregnancy at risk of preterm birth. According to the data reported in literature, the indications for doing a Doppler examination usually are: SGA fetuses or failing fetal growth in utero, previous SGA or previous Doppler abnormalities, maternal diseases such as gestational or pre-gestational hypertension, preeclampsia in the current pregnancy or in previous pregnancies, miscarriages, thrombophilia, previous unexplained fetal demise, previous placental abruption, diabetes, monozygotic twins. Although, in order to understand the role of placenta insufficiency in developing BPD, in the study period, all women followed in our hospital for the risk of preterm birth, regardless of the cause, underwent a Doppler Ultrasound exam. We see what you mean about the risk of increased number of false positive results among AGA infants, but we do not believe this risk is increased as the Doppler Ultrasound scans were performed only by two expert perinatologists. 7) When was the last Doppler assessment done relative to delivery for most cases? 7) Reply: The last Doppler assessment was done between 48 hours and 5 days before delivery. A sentence has been added to the methods" section.
8) Table 4 -this would indicate that just being small is a larger driving force for risk of BPD compared to ban Dopplers. This contradicts with your conclusion that FGR is the larger risk factor for BPD development than smallness. 8) Reply: Our data confirm that being small for gestational age is one of the major risk factors for BPD, as already shown previously in several studies. Although, we show that the risk of BPD increases dramatically when being small is the consequence of placenta insufficiency. We performed a likelihood ratio test (LRT) to select the final model for the evaluation of the association between the BPD risk and the explanatory variables. The LRT is a statistical test of the goodness-of-fit between two nested models. In details, a more complex model is compared to a simpler model to see if it fits the data significantly better. If so, the additional parameters of the more complex model are used in subsequent analyses. Adding additional parameters will always result in a higher likelihood score. However, there comes a point when adding additional parameters is no longer justified in terms of significant improvement in fit of a model to a particular dataset. The LRT provides one objective criterion for selecting among possible models. In our case, the model with Fetal growth restriction, being SGA, and Apgar score at 5 minutes, as explanatory variables, is the model that fits the data significantly better than model with less predictors. This means that among SGA infants those with FGR are at high BPD risk (in the same way, among SGA infants, lower the Apgar score higher the BPD risk). As reported in the limitations, the small sample size of BPD infants could limit the power to detect differences between groups and might have affected the accuracy of our estimates. For this reason, we are aware that the strength of the association (OR) of the final model could be affected by the small sample size. Nevertheless, our aim is to underline the role of the predictors (Fetal growth restriction, Z-score, and Apgar score at 5 minutes) for the outcome BPD, and the directions of the associations. Moreover, the reviewer 2 suggested to consider the variable weight instead of SGA. Please leave your comments for the authors below This is a monocentric prospective observational study exploring the relationship between fetal growth restriction (FGR) and bronchopulmonary dysplasia (BPD) in very preterm infants. It included 178 infants born ≤30 SA with a birthweight ≤1250g. The exposure was FGR, defined as the association of an impaired in utero growth and fetal Doppler abnormalities. The outcome was BPD, defined as oxygen-dependency at 36 weeks postmenstrual age. Statistical analysis involved logistic regression adjusted on the actual weight at birth, categorized into being small for gestational age (SGA, birth weight <10th percentile of the Italian neonatal growth charts) or having an appropriate for gestational age birthweight (AGA). The findings of the study are that FGR is associated with BPD, independently of being SGA.
The main point of this study is that FGR is defined with antenatal parameters, which identifies infants with a failure to achieve their growth potential, whereas most of the epidemiological studies use birth weight as a proxy for FGR, mixing together FGR infants and "constitutionally small" infants. The question and findings are relevant for obstetricians and neonatologists. The manuscript is well written. The strongest limitation of the study is the relatively small sample size and lack of statistical power.
Major comments:
1) Objective of the study (abstract, introduction, discussion) : "to investigate whether FGR can better predict BPD risk than SGA". The methods used here do not answer this particular question, as no predictive tool has been developed. The analysis rather addresses the issue of whether FGR is associated with BPD independently of being SGA at birth. 1) Reply: we modified the text (in the abstract, introduction and discussion) as suggested.
2) Methods -inclusion criteria : infants born ≤30 SA and with a birth weight ≤1250g. Why did the authors choose a birthweight cut-off? It excludes for example the infants born at 30 WG with a birthweight ≥50th percentile on neonatal growth charts. This might affect the conclusions of the study. 2) Reply: Aim of this study was to evaluate whether FGR diagnosis is associated with BPD. As the risk of BPD is negligible in infants with a BW > 1250 g (<10% according to NIH data), we chose a BW cut-off of 1250 g. Moreover, in our centre the rate of BPD among infants with a BW>1250 g is very low.
3) Results -flow chart : 26 infants are excluded because of missing Doppler data (13% of the eligible population). Were these infants different from the included ones (gestational age, birth weight, pregnancy complications…)? 3) Reply: Of these 26 infants, 15 did not have a prenatal Doppler examination performed from our certified perinatologists, whereas 11 underwent to a prenatal Doppler exam less than 48 hours before the delivery. The causes of delivery were: cardiorespiratory arrest in 1 case, eclampsia in 1 case, preeclampsia in 6 cases, malignant disease in 2 cases, severe FGR in 5 cases and unstoppable labour in 11 cases. They were not statistically different from the included infants in terms of birth weight, gestational age and complications at birth. 4) Results - Table 4 : the multivariate model describing the relationship between FGR and BPD is adjusted on SGA categorized in two groups (< or >10th percentile on the Italian neonatal growth charts). This cut-off relies strongly on the choice of the reference curves, and especially if they are neonatal or antenatal curves. Moreover, it raises the issue of collinearity between FGR and SGA groups. An adjustment on birth weight as a continuous variable would have been preferable. Reply: The reference curves are neonatal curves based on the Italian population. As suggested, we made a new model considering a continuous variable related to birth weight instead of the categorical variable "being SGA". Since the threshold to define an "appropriate" birth weight changes a lot among different gestational age, we decided to use the z-score for birth weight instead of the birth weight per se. We tested a new model that allow us to adjust the FGR variable for the continuous variable Zscore. In this way, we have not the limitation of the categorized variable SGA. We modified table 4, accordingly.
5) Discussion: Several non significant associations are underlined (preeclampsia -BPD, histological chorioamnionitis -BPD, FGR -respiratory distress syndrome…). However, the statistical power of the study is not sufficient to conclude on these nonsignificant associations. Moreover, they are only described in nonadjusted analyses. This part of the discussion should be more cautious. 5) We agree with you. Our data are not strong enough to find final conclusions about the role of some conditions in developing BPD and about the association between FGR and RDS at birth. We modified the text with words that sound more cautious and underlined this issue in the limits" section.
Minor comments: 1) Methods: the exclusion criteria are not described in this section (37 infants excluded, flow chart) 1) Reply: we just added the exclusion criteria in the methods"section (No FDV information available; major congenital malformation; hydrops fetalis; pPROM that occurred more than 3 weeks before the delivery; suspected twin-to-twin transfusion).
2) Methods -definition of BPD : BPD is defined as "oxygen dependency at 36 weeks PMA" in the methods section", and as "oxygen dependency or positive-pressure ventilation at 36 weeks PMA" in the legend of Table 3 . 2) Reply: All the infants that received PPV at 36 weeks PMA had oxygen dependency as well. We modified the text in order to make it more clear than before.
3) Results -32 deliveries were neither spontaneous nor indicated preterm deliveries. Please describe the causes of these deliveries.
3) Reply: The cause of delivery was: suspected placenta abruption in 10 cases, malignant disorders in 5 cases, severe cholestasis of pregnancy in 3 cases, fetal death in twin pregnancy in 2 cases, signs of fetal distress in 12 cases.
Reviewer: 3
Reviewer Name: Suma Hoffman Institution and Country: University of Maryland, Baltimore, School of Medicine, USA Please state any competing interests or state "None declared": None declared
Please leave your comments for the authors below Thank you for the opportunity to review this manuscript. Here the authors aim to show that the combination of FGR-SGA poses a higher risk of developing BPD.
General: Please avoid using too many abbreviations -this impedes readability Reply: Thank you for your comment. We reduced the number of abbreviations in the text, as suggested.
Abstract: The last line of your results -per your model, the same could be said for SGA -that it is an independent predictor. I would also if space allows add numbers for SGA groups Reply: We modified the abstract underlining that being SGA is still a strong risk factor for BPD. We did not add numbers for SGA groups because of space issues in the last version, but you will find those numbers in the new version of the manuscript.
Introduction: This could add a little less background on BPD and more about the potential mechanism of FGR causing BPD. Reply: Thank you for your comment. You will find a new version of the text.
Results: Please less abbreviations -I had to keep referring back to the methods which I found frustrating. Table 2 -your SGA numbers don't seem to account for all SGA -just those with FGR? Please correct or make more explicit. Reply: We deleted some abbreviations (FDV -fetal Doppler velocimetry, UA -umbilical artery, MPE -maternal pre-eclampsia, HCA -histological chorioamnionitis, IPD -indicated preterm delivery, SPD -spontaneous preterm delivery, ACS -antenatal corticosteroids). Regarding the SGA numbers, we made a mistake. We corrected it. Thank you for your observation! SGA presented a much higher odds of developing BPD with a stronger p-value, so I feel that this is important to include in the abstract and highlight as a result. To better tease out your question try putting your subgroups in your model instead of the overall SGA vs FGR. Reply: In the previous version of the paper, we used the variable SGA, but the small sample size of the four groups (AGA -NO FGR, AGA -FGR, SGA -NO FGR, SGA -FGR) does not allow us to evaluate the role of the subgroups in the model. However, the reviewer 2 suggested to consider the variable weight instead of SGA. Therefore, we decided to test a new model with the variable BW zscore and to see the role of the FGR variable adjusted for the continuous variable BW z-score. In this way, we have not the limitation of the categorized variable SGA. Table 3 should depict associated statistics. When I tested the data with chi square, there was no significant difference in severe BPD in the SGA groups with and without FGR. Reply: The goal of table 3 was to make the readers aware of the raw numbers. We intentionally did not show any statistic because of the lack of significance and most of all because of the small size of the samples. Discussion: This needs to be edited for grammar. Overall this could be better laid out and constructed for readability. It also feels very repetitive, so I would suggest considering consolidating similar themes into paragraphs. I feel that one major limitation in your conclusion would be that more than half (62%) of your SGA population was FGR, so with such small numbers I would not overstate your conclusion about the FGR-SGA group. Reply: Thank you for your comments. An English native speaker reviewed and modified the text. As reported in the limitations section, the small sample size of BPD infants could limit the power to detect differences between groups and might have affected the accuracy of our estimates. For this reason, we are aware that the strength of the association (OR) of the final model could be affected by the small sample size. Therefore, our aim is to underline the role of the predictors (Fetal growth restriction, BW z-score, and Apgar score at 5 minutes) for the outcome BPD, and the directions of the associations. Moreover, although the small number of SGA infants in our study, the final model suggests that FGR-SGA infants are at higher BPD risk compared to constitutionally small infants. Also your logistic regression doesn't support your claim that the combination of FGR-SGA increases risk independently, so I would rework your model to reflect the goal of the paper.
Reply: We performed a likelihood ratio test (LRT) to select the final model for the evaluation of the association between the BPD risk and the explanatory variables. The LRT is a statistical test of the goodness-of-fit between two nested models. In details, a more complex model is compared to a simpler model to see if it fits the data significantly better. If so, the additional parameters of the more complex model are used in subsequent analyses. Adding additional parameters will always result in a higher likelihood score. However, there comes a point when adding additional parameters is no longer justified in terms of significant improvement in fit of a model to a particular dataset. The LRT provides one objective criterion for selecting among possible models. In our case, the model with Fetal growth restriction, BW z-score, and Apgar score at 5 minutes, as explanatory variables, is the model that fits the data significantly better than model with less predictors.
VERSION 2 -REVIEW

REVIEWER
Nancy Soliman
University of Calgary, Canada REVIEW RETURNED 26-Apr-2017 GENERAL COMMENTS 1) Page 3 line 37 use compared to instead of respect to 2) In your conclusions you state that umbilical artery Doppler should be used to identify infants at high risk of BPD development. I think you should awknowledge that an umbilical artery Doppler does carry with it an inherent false positive rate.
VERSION 2 -AUTHOR RESPONSE
I want to thank you and the Reviewers for giving us the opportunity to revise and to improve the quality of our manuscript: "Fetal Doppler velocimetry and bronchopulmonary dysplasia risk among growth-restricted preterm infants: an observational study". We made all the suggested minor revisions and we hope the manuscript is now suitable for publication on your journal. Thanking you in -advance
